Modulator-induced interference in functional cross talk between the substrate and the ATP sites of human P-glycoprotein.
The human P-glycoprotein (Pgp, ABCB1) is an ATP-dependent efflux pump for structurally unrelated hydrophobic compounds, conferring simultaneous resistance to and restricting bioavailability of several anticancer and antimicrobial agents. Drug transport by Pgp requires a coordinated communication between its substrate binding/translocating pathway (substrate site) and the nucleotide binding domains (NBDs or ATP sites). In this study, we demonstrate that certain thioxanthene-based Pgp modulators, such as cis-(Z)-flupentixol and its closely related analogues, effectively disrupt molecular cross talk between the substrate, and the ATP, sites without affecting the basic functional aspects of the two domains, such as substrate recognition, binding, and hydrolysis of ATP and dissociation of ADP following ATP hydrolysis. The allosteric modulator cis-(Z)-flupentixol has no effect on [alpha-(32)P]-8-azido-ATP binding to Pgp under nonhydrolytic conditions or on the K(m) for ATP during ATP hydrolysis. Both hydrolysis of ATP and vanadate-induced [alpha-(32)P]-8-azido-ADP trapping (following [alpha-(32)P]-8-azido-ATP breakdown) by Pgp are stimulated by the modulator. However, the ability of Pgp substrates (such as prazosin) to stimulate ATP hydrolysis and facilitate vanadate-induced trapping of [alpha-(32)P]-8-azido-ADP is substantially affected in the presence of cis-(Z)-flupentixol. Substrate recognition by Pgp as determined by [(125)I]iodoarylazidoprazosin ([(125)I]IAAP) binding both in the presence and in the absence of ATP is facilitated by the modulator, whereas substrate dissociation in response to vanadate trapping is considerably affected in its presence. In the Pgp F983A mutant, which is impaired in modulation by cis-(Z)-flupentixol, the modulator has a minimal effect on substrate-stimulated ATP hydrolysis as well as on substrate dissociation coupled to vanadate trapping. Finally, cis-(Z)-flupentixol has no effect on dissociation of [alpha-(32)P]-8-azido-ADP (or ADP) from vanadate-trapped Pgp, which is essential for subsequent rounds of ATP hydrolysis. Taken together, our results demonstrate a distinct mechanism of Pgp modulation that involves allosteric disruption of molecular cross talk between the substrate, and the ATP, sites without any direct interference with their individual functions.